Subjects made !ateralization judgments involving dichotic sequences of 250-ms tones, which alternated in frequency between 400 and 800 Hz, such that when one ear received 400 Hz the other ear received 800
INTRODUCTION
When a pure tone of 400 Hz is presented continuously to one ear, and at the same time a pure tone of 800 Hz is presented continuously to the other ear, and these tones are at equal amplitude, most listeners will perceive both tones and lateralize them correctly. Further, when a short tone of 400 Hz is presented to one ear, and simultaneously a short tone of 800 Hz is presented to the other, and these tones form part of a dichotic sequence consisting, for instance, of simultaneously ascending and descending scales, both tones will again generally be perceived (Deutsch, 1975) . However, when these same 400-and 800-Hz tones are repetitively presented in sequence such that when one ear receives 400 Hz the other receives 800 Hz, and vice versa, an unexDected phenomenon emerges. Many listeners perceive a single high tone in one ear alternating with a single low tone in the other ear (Deutsch, 1974a (Deutsch, , 1974b . A further study has shown that this phenomenon is based on two factors: The perception of the sequence of frequencies presented to one ear rather than to the other; and the lateralization of each fused tonal percept towards the ear receiving the 800-Hz signal, regardless of which frequency is in fact perceived (Deutsch and Roll, 1976 ). This lateralization-by-frequency effect is examined in the present set of' experiments. Most studies on the lateralization of dichotically presented pure tones have concerned the case where the same frequency is presented to both ears. Under such conditions, differences in amplitdde will produce a lateralization toward the ear receiving the higher-amplitude signal. Now, when the two signals are unlike in frequency, there could be loudness differences between them at equal amplitude, and we could hypothesize that lateralization occurs towards the louder signal. The present study therefore investigated this lateralization-by-frequency effect as a function of amplitude differences between the 400-and 800-Hz tones. A second experiment studied the relationship between amplitude and loudness differences for such tones. It can be seen that lateraiization toward the 800-Hz tone occurred even when it was substantially lower in amplitude than the 400-Hz tone. There were, however, substantiai individual differences. Two subjects showed the effect throughout the 15-dB range, one showed the effect up to a 9-dB difference, and the fourth subject showed it only at equal amplitude.
II. EXPERIMENT II
This experiment was undertaken to determine whether the lateraii3aiion effect obtained in experiment I could have been due to differences in loudness between the 400-and 800-Hz tones. Thus the same subjects were required to compare the loudness of these tones in sequences identical to those in experiment I, except that now only one channel was presented, and this was 8i-mulf•3_ueously to both ears. That is, the subjects heard a 400-Hz tone simultaneously in both ears, alternating with an 800-Hz tone simultaneously in both ears. They were required to judge for each sequence which of the two alternating tones was the louder. As before, subjects were given 72 trials per session over four successive days, making 288 judgments in all. The experiment was preceded by a single training session.
The results of this experiment, averaged over the four subjects, are plotted by the triangles on Fig. 1 . It can be seen that in all cases loudness judgments mirrored amplitude relationships qui•e closely. This is in accordance with other studies of equal-loudness judgments in this range (such as those in Stevens and Davis, 1938) . It is therefore concluded that the lateralization patterns obtained in experiment I were not due to differences in loudness between the 400-and 800-Hz tones.
IIh EXPERIMENT III
The method and stimuli used in this experiment was identical to that in experiment I, except that each trial consisted of two dichotic tone pairs instead of 20. Thus, half of the trials consisted of an 800-Hz tone in the right ear accompanied by a 400-Hz tone in the left, followed by a 400-Hz tone in the right ear accompanied by a 800-Hz tone in the left. On the other half of the trials the order of the two dichotic tone pairs was reversed. Again, all tones were 250 ms in duration.
Subjects were required to judge for each pair of dichotic tones whether it was of the "left-right" type or the "right-left" type; and from these judgments it was inferred to which frequency the tones were being lateralized.
The results of the experiment, averaged over all fbur subjects, are plotted by the open circles on Fig. 1 . It can be seen that the tendency to lateralize toward the 800-Hz signal was substantially reduced in comparison with the long sequences; lateralization judgments now mirrored loudness judgments quite closely.
IV. DISCUSSION
The present experiments demonstrate that with long dichotic sequences of alternating tones, using frequencies of 400 and 800 Hz, and with subjects selected on the stated criteria, there is a strong tendency to lateraiize a fused tonal percept toward the ear receiving the higher-frequency signal. In certain subjec. ts, this effect is very robust in terms of amplitude differences between these tones.
It was also found that this lateralizatton effect cannot be explained in terms of differences in loudness between the 400-and 800-Hz tones. As pointed out by Scharf by 1900 Hz, while the other ear simultaneously received 1900 Hz followed by 1500 Hz. Under these conditions they found no tendency to lateralize toward either the higher or the lower frequency unless amplitude differences were introduced. The relationship between these findings and that of the present study remains to be explored. Since there were large differences both in signal characteri. stics and mode of presentation, direct comparison between the studies is difficult at present. However, it is clear that the phenomenon of lateralization by frequency is a complex one.
